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Abstract 
A modified auger was developed in response to the need for a hygienic and low-cost pit emptying technology.  An auger is 
housed inside a 4” pipe and powered by a hydraulic motor.  As the auger turns, sludge is conveyed up and out of the pit into 
containers for disposal.  Development and lab testing of prototypes was followed by field-testing on pit latrines in South Africa. 
Flow rates up to 40 LPM were achieved in field-testing, which are high enough to empty a typical pit in 1 to 2 hours.  Field 
testing also revealed new challenges and progress has continued in order to solve these problems, including improved 
manoeuvrability and management of trash often found in latrines.  The addition of a dolly frame improved the movement of the 
auger inside and outside of the pits.  Trash removal technologies that could be coupled with the auger are currently in 
development.  Further field-testing of the auger and trash management techniques will be carried out. 
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1. Introduction 
It is estimated that 2.5 billion people worldwide still lack access to proper sanitation.  Proper sanitation provides a 
barrier to diseases, such as preventable diarrheal diseases that still result in the death of over 600,000 children every 
year.  Along with health benefits, proper sanitation also has strong connections to education, safety of women and 
children, environmental health, and economic gain [1].  Pit latrines can provide improved sanitation by providing 
separation from excreta, but when full the pit is often emptied due to lack of space or resources to build another 
latrine.  The principal removal technology in use is the vacuum truck but often those cannot access latrines in 
unplanned settlements due to narrow roads or latrines located inside buildings or on hillsides.  They are also 
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expensive to own, operate, and maintain and cannot remove dense sludge.  These factors can lead to manual 
emptying, which is carried out with buckets and shovels.  Manual emptying exposes the workers and often the 
greater community to pathogens [2].  
 
2. Development and Testing 
There is a need for low-cost, portable technologies to empty pit latrines that can remove a variety of waste 
consistencies.  The “Excrevator” was developed in response to this need (Fig. 1).  It consists of an auger inside of a 
4-inch pipe that is rotated by a hydraulic motor.  As the auger turns, waste is lifted up through the pipe and out of the 
wye connection at the top into disposal containers.  The flights extend several inches beyond the bottom of the pipe 
to draw in the waste.  Reverse flights above the wye direct material out so that the top portion will not become 
packed with waste.  The hydraulic motor allows for rotation in reverse, so that material can be pushed out for 
cleaning purposes or for clearing the auger of an obstruction.  The Excrevator is much smaller than a vacuum truck, 
allowing it to access virtually any latrine, and can be moved and operated with only two people.  
Phase I of development involved the design, testing, and redesign of prototypes.  In lab testing, bentonite clay 
was used as a simulant waste as it has similar viscosities and thixotropic properties as fecal sludge.  A flow rate of 
40 LPM is needed to empty a typical 2 to 4 cubic meter pit in less than two hours.  In the lab, this flow rate was 
attainable at 300 RPM, and higher flow rates were achievable as the rotational speed increased.  After lab testing, 
the Excrevator was tested on dairy waste and it was able to lift the waste over 8 feet at a flow rate of 125 LPM.  The 
final testing portion of Phase 1 was carried out on actual pits in Pietermaritzburg, South Africa, in March 2013.  The 
Excrevator was able to empty pits at a flow rate of up to 40 LPM, including those with dense sludge [3]. 
Phase II is focusing on issues discovered in field-testing, such as making the Excrevator more user-friendly.  The 
original, handheld version was replaced with one mounted on a dolly frame that is easier to maneuver to and around 
the pit.  Testing in eThekwini Municipality of South Africa confirmed the improved maneuverability of the frame in 
August 2014.  Further testing was carried out in Hyderabad, India, in June 2014.  A broad range of sludge viscosities 
and inconsistent pit design highlighted areas for further improvement that are being addressed in the current version 
of the Excrevator. 
Fig. 1. Diagram of Excrevator with pipe cutaway. 
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Another concern made apparent during field-testing was the presence of trash in latrines.  This is a common 
occurrence in many countries and a problem shared by all mechanical emptying devices.  Trash, especially plastic 
bags and clothing, can clog or jam the auger.  The first approach to managing the trash was the attachment of a 
cutting head at the inlet of the auger that could provide both cutting and mixing. Two prototypes have been designed 
and tested in the laboratory.  The auger with no cutting head attached was tested as the baseline. 
In addition, trash removal before sludge emptying is being considered, analogous to current practice by pit-latrine 
emptiers in some countries.  The current tools used for pre-removal that we have observed could use great 
improvement in efficiency, ergonomics and cleanliness.  Four devices to capture trash from within the pit were 
fabricated and tested.  
 
3. Preliminary Findings 
While some trash was shredded, both cutting heads demonstrated a limited ability to process the trash normally 
found in pit latrines, and for most types tested, the baseline conveyed more trash all the way through the auger. The 
2014 field-testing in South Africa echoed the results from the lab, with the cutting heads unable to satisfactorily 
manage plastic bags and clothing items.   
The cutting heads were designed with small openings through which material could flow with mechanisms for 
shearing or cutting next to the openings so that material unable to pass through the openings would be reduced to 
smaller pieces.  However, trash was mostly rejected rather than shredded.  However, the rejection of the trash did 
lead to less jamming than in the baseline. 
Of the four trash removers tested, two proved effective and both capturing and releasing trash.  Further 
improvements and testing will be carried out on those. 
 
4. Future Work 
The ergonomics and maneuverability of the Excrevator will continue to be improved.  Further development will 
allow it to empty a wider range of pit designs, waste consistencies, and trash compositions.  Trash management 
techniques will continue to be explored and improved as well.  The updated design of the Excrevator and best trash 
management technique will be operated and evaluated by existing teams of pit emptiers for an extended period of 
time.  The assessment will include effectiveness, longevity, robustness, and aesthetics. 
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